This report is preliminary and has not been reviewed for conformity with U.S. Geological Survey editorial standards and stratigraphic nomenclature.
and can be characterized by White and others ' (1963) definition of "acid sulfate springs associated with volcanism", while thermal waters from Morgan Hot Springs and Growler Hot Spring can be classified as "thermal waters from geyser areas in volcanic environments" (White and others, 1963) . Individual springs at Bumpass Hell and Morgan Hot Springs were used by White and others (1963) as examples for the two types of water.
FIELD ANALYSIS
Field analyses included temperature measurements and determination of pH, dissolved ammonia, and hydrogen sulfide (as either H«S or HS ).
Temperature measurements of hot spring waters were obtained with a maximum reading, total immersion, mercury-in-glass thermometer; those of nonthermal 4631csprings were obtained with a conventional, total immersion, mercury-in-glass thermometer. Determinations of pH were made with E.M. Colorphast pH strips.
Dissolved ammonia and hydrogen sulfide concentrations were determined with a J Bausch and Lomb (B and L) Mini spec 20 spectrophotometer and B and L spectrokits using methods based on APHA (1975) procedures 418B and 428C, respectively. The B and L spectrokit for hydrogen sulfide is specific for dissolved H^S or HS ~ and does not detect other forms of reducible sulfur; therefore, its results may be different from those obtained using an iodometric titration. A visual discharge estimate was made for each spring where the complete discharge could be observed.
LABORATORY ANALYSES
Silica was analyzed at 640 nm by a modification of the molybdenum blue spectrophotometric procedure described by Shapiro and Brannock (1956) using 10 mL of spring water sample diluted in the field to approximately 60 mL and then brought to 100 mL total volume immediately prior to the determination.
Boron was determined spectrophotometrically by the carmin procedure at 600 nm (Brown and others, 1970) .
Bicarbonate was determined as alkalinity titrimetrically using a constant drive buret, a combination pH glass electrode, a specific ion -pH meter, a strip chart recorder, and standardized sulfuric acid (0.05N). The laboratory pH was taken as the pH at the start of the alkalinity titration. Sulfate was determined by a spectrophotometric titration using the thorin procedure (Brown and others, 1970) at 520 nm.
Chloride was determined by potentiometric titration using the same equipment as the alkalinity determination except that a silver billet electrode, a double junction reference electrode, and standardized silver nitrate (.015N) replaced the combination pH electrode and acid used for the alkalinity determination above.
Fluoride was determined by an Orion ion specific electrode; TISAB II was mixed 1:1 with all samples and standards.
Bromide was determined spectrophotometrically at 590 nm by a modification of the phenol red method (APHA, 1975) Calcium and magnesium were determined simultaneously by atomic absorption spectroscopy (AAS) in a stoichiometric air-acetylene flame with added La(III) (1.0 percent v/v) at 422.7 and 285.2 nm, respectively.
Barium and strontium were determined simultaneously by AAS in a nitrous oxide-acetylene flame with added potassium ion (0.1 percent v/v) at 553.5 and 460.7 nm, respectively.
Iron and manganese were determined simultaneously by AAS in an oxidizing, background corrected, air-acetylene flame at 248.3 and 279.5 nm, respectively.
Zinc was determined by AAS in an oxidizing, background corrected, air-acetylene flame with added potassium ion (0.1 percent v/v) at 213.9 nm.
Aluminum was determined by AAS in a nitrous oxide-acetylene flame with added potassium (0.1 percent v/v) at 309.3 nm.
Hydronium ion was determined as acidity titrimetrically using the same equipment as the alkalinity determination above except that standardized sodium hydroxide (0.025M) was used rather than sulfuric acid. The laboratory pH was also taken at the start of the titration.
Arsenic was determined by AAS in a stoichiometric, background corrected, air-acetylene flame at 193.7 nm. Spring waters were collected using methods similar to those described in Thompson (1979a and b) and Thompson and Hutchinson (1980 Hell, Devil's Kitchen, and Boiling Springs Lake are usually derived from shallow thermal fluids which often are oxidized in the near surface or surface environment. These fluids condense with water at the surface forming an acidic solution which dissolves the surrounding country rock;
hence, the chemistry of the hot springs is independent of the shallow hydrothermal system, but dependent upon the country rock.
At Drakesbad, having low Cl and pH neutral spring waters, the calculated Na-K-Ca (Fournier and Truesdell, 1973) changes between the two hot spring areas; at Growler Hot Spring (LJ-79-14, Truesdell and Hulston (1980) and elaborated by Muffler and others (1982) who have described the Lassen geothermal system as a vapor-dominated 1 1 1 1 I 1 I 1 1 1  1 1 1 1 1 1   1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 I 1 1 1 I  1 1 1 1 1 I 1 1 1 I 1 I 1 1 1 1 1 I 
